ABSTRACT. Objective. The Newborn Individualized Developmental Care and Assessment Program (NIDCAP) is widely used in neonatal intensive care units and comprises 85 discrete infant behaviors, some of which may communicate infant distress. The objective of this study was to identify developmentally relevant movements indicative of pain in preterm infants.
M ajor advances in neonatal care now enable a high proportion of preterm infants to survive. During a time when medical concerns focused primarily on stabilizing the physiologic needs of preterm infants, Als, a developmental psychologist, developed a theory and systematic method of assessing the developmental needs of preterm newborns, the Newborn Individualized Developmental Care and Assessment Program (NIDCAP). 1 Als hypothesized that early exposure to stress, or the mismatch of the preterm infant brain with the environment, could be linked to the long-term developmental impairments reported in these children at school age. 2 Since the early 1980s, the NIDCAP observation system has become widely used in neonatal intensive care units (NICUs) throughout North America and Europe. 3, 4 With this system, infant responses, which include motor behaviors, state organizational behaviors, and autonomically related indicators (eg, respiratory pattern), are recorded continuously in 2-minute time blocks before, during, and after a procedure. 5 Although the NIDCAP is not designed specifically to assess pain, determining whether specific NIDCAP behaviors occur during acute pain might provide more accurate recognition of valid cues that may be useful for clinical pain assessment and pain management. For clinical reasons, accurate interpretation of preterm infant pain behaviors is crucial. For example, infants who are in pain or are "stressed" may be given sedatives or analgesics. Analgesics may act differently in the brain according to whether pain is present. 6 Therefore, appropriate administration of analgesics only when pain is present may be critical for preventing unwanted long-term side effects of opioid use. 7, 8 Thus, identifying and treating pain in preterm infants is a high priority for caregivers in the NICU because early pain exposure may alter nociceptive pathways 9, 10 and may also contribute to changes in other areas of development. 11, 12 Although improved pain assessment and management is a clinical priority, accurate identification of pain responses is complex for a number of reasons. First, preterm infants respond with facial, motor, and physiologic changes to acute pain, but they differ from term-born infants in that their responses are of smaller magnitude, particularly at younger gestational ages (GAs). 13, 14 Second, preterm infants at earlier GAs may display different pain behaviors than infants at later GAs as a result of neurologic immaturity. Such behaviors may not be captured in the current pain scales because the behaviors chosen have been based on behaviors seen in term infants. Third, no physiologic or behavioral threshold specifically marks the presence of pain. Finally, although using a single pain index is easier for clinicians, the physiologic and behavioral responses of preterm infants to painful stimuli are often dissociated 15 ; therefore, reliance on current pain indices may not capture the range of responses in this population. 16 Currently, changes in facial activity, shifts in infant sleep/waking state, and physiologic indices of heart rate are the most promising biobehavioral pain indicators in preterm infants. [17] [18] [19] [20] In contrast to the research using facial activity and heart rate as pain cues, body movements have not been evaluated thoroughly. Some researchers include knee or leg flexion in their pain index, [21] [22] [23] and others use a measure of total body movements. 13 These measures are problematic because, first, flexion and extension are not pain specific; and, second, many movements are combined, thus making them more difficult to interpret. Alternatively, using specific behaviors from the NIDCAP to assess pain is appealing because it is an established tool that is developmentally appropriate for preterm infants, and the coding descriptors of each of the facial and body movements are very specific.
Several researchers have used the NIDCAP to assess body movements of infants in the NICU, but these studies either did not describe the procedures observed or did not include painful procedures. [24] [25] [26] Recently, 1 study did examine NIDCAP behaviors in response to events that varied in degree of intrusiveness (endotracheal suctioning, chest physical therapy, diaper change, and nasogastric feed); however, this study used brief observation periods and did not include a pain procedure (eg, skin breaking). 27 Only 2 studies have used the full NIDCAP to study pain in premature infants. The first of these investigations did not evaluate the system along with other reliable, valid behavioral and physiologic pain measures or take into account GA at assessment, baseline behavioral state, or handling before the invasive procedure. 28 Although the second study measured pain responses over longer periods of time and compared the NIDCAP with other reliable infant biobehavioral pain measures, it included only 10 infants, and the time of each handling phase was not controlled. 29 The purpose of the present study was to determine whether a subset of NIDCAP movements could be used as valid acute pain cues in preterm infants.
METHODS

Study Subjects
The infants were recruited by a NICU-trained research nurse, and written informed consent was obtained from the mother or other legal guardian according to a protocol approved by the Clinical Research Ethics Board of the University of British Columbia. The study sample included 44 preterm infants in the level III NICU in the Children's & Women's Health Centre of British Columbia (Vancouver, BC, Canada). The infants were Յ32 completed weeks' GA at birth, had no major congenital anomalies, and had no reported illicit maternal drug use during pregnancy. Infants who had received analgesics or sedatives within 72 hours of the assessment or who had significant intraventricular hemorrhage (grade III or IV) and/or parenchymal brain injury (periventricular leukomalacia) were excluded. All infants were 32 weeks' postconceptional age (PCA; Ϯ7 days) at the time of testing. Infant characteristics are presented in Tables 1 to 3 . Sample size estimates were calculated as though we were using a between-groups design; this provides a conservative estimate given that we used a repeated measures design. GPOWER 30 was used to calculate the estimate, and effect sizes entered into the program were based on changes in Neonatal Facial Coding System (NFCS) scores during blood collection at 31 to 33 weeks. 13 Using this method, 15 infants were needed to detect differences between each phase for a power of .90 with the statistical significance set at .05. For examining gender and associations of clinical variables, the sample size was increased to 44.
Measures
All infants were observed during blood collection that was required for clinical management. The 3 phases of the procedure included in this study were a baseline period of 6 minutes of no handling immediately before the first contact by the laboratory technician (baseline); a blood collection period of 6 minutes from insertion of the lancet into the heel, which included the heel lance and squeezing (lance/squeeze); and an undisturbed recovery period of 6 minutes from the last contact of the laboratory technician (recovery).
Infant State
Infant sleep/wake state was coded according to the NIDCAP protocol 5 : 1 ϭ deep sleep; 2 ϭ light sleep; 3 ϭ drowsy; 4 ϭ quiet awake; 5 ϭ active awake; 6 ϭ highly aroused/crying; and 7 ϭ AA (prolonged respiratory pause Ͼ8 seconds). The predominant state during each 2-minute period was coded for each phase. 
Facial Activity (NFCS)
The NFCS is a reliable, well-validated behavioral pain measure that is used widely in studies of term-born 19, 31 and preterm infants. 13, 14, [32] [33] [34] Traditionally, the full NFCS has been applied for brief periods (eg, 20 seconds per phase) to capture the acute pain response. However, for this study, the frequency of NFCS brow bulge was coded continuously for 18 minutes using the Noldus Observer system 35 (throughout 6 minutes of baseline, 6 minutes of lance/squeeze, and 6 minutes of recovery) to match the NIDCAP coding. Brow bulge was selected as a proxy for upper facial actions because it has been shown to correlate highly with the other upper facial actions of the NFCS. 36 Lower facial actions were not used in that they are sometimes obscured in preterm infants. Videotapes were edited for coding in random order of events, and coders were blind to all clinical information about the infants and to events. To establish reliability, both the primary NFCS coder (L.H.) and the reliability coder were trained on the entire tool to achieve a reliability coefficient of .87. 19 In addition, reliability coding was conducted on 20% of the sample. For data analysis, the frequency of NFCS brow bulge was summed across all infants for each 6-minute phase.
Full Body (NIDCAP)
The NIDCAP behaviors were coded continuously, from video recordings of each infant, for the 3 phases (baseline, lance/ squeeze, and recovery), and coding was conducted blind to all clinical information. Following published NIDCAP procedures, the frequency of each infant's movements was recorded systematically in 2-minute time blocks. 5 The primary coder (L.H.) was an occupational therapist, and the reliability coder was a physiotherapist, both of whom were NIDCAP certified. Reliability for the NIDCAP was initially established during the certification process. 37 In addition, a randomly selected sample of 5% of NIDCAP video segments from the study (baseline segment, lance/squeeze segment, or recovery segment) was coded to evaluate reliability. NIDCAP reliability was calculated by determining the percentage of agreement of occurrence (both coders indicating the presence or absence of a behavior) within every 2-minute time segment during each 6-minute phase for each infant. Interrater agreement was 87%. Physiologic measures (heart rate) were recorded by custom computer software and so were not scored using the NIDCAP observation record.
Heart Rate
Continuous electrocardiographic activity was recorded from a single lead of surface electrocardiogram (lead II) and was digitally sampled at 360 Hz off-line using a specially adapted computer acquisition system. Custom physiologic signal processing software 38 was used to acquire, process, and analyze heart rate. R waves were detected from the sampled electrocardiogram and were used to form a smoothed instantaneous 4-Hz time series as described previously. 39 Mean heart rate was calculated for each 2-minute segment of each study period to correspond to the 2-minute NIDCAP time blocks and averaged over 6 minutes of each of the 3 phases (baseline, lance/squeeze, and recovery). Before statistical analysis, 25 (6%) of the 2-minute HR segments were dropped because of poor signal and were replaced by the group mHR for that phase.
Background Data
A NICU-trained research nurse completed the prospective clinical chart review and obtained information from birth to day of testing, including but not limited to the following: birth weight, GA at birth, Apgar score at 1 minute, illness severity using the Score for Neonatal Acute Physiology II (SNAP-II), 40 amount of opioid and other analgesic and sedative exposure, numbers and types of invasive skin-breaking procedures, respiratory support, and type and time of last handling just before blood collection. Invasive procedures were defined as those involving skin breaking, such as heel lance, venipuncture, insertion of arterial and venous lines, lumbar puncture, and chest-tube insertion. In addition, number of endotracheal intubations was collected (Table 1) . Study day characteristics of the infants are presented in Table 2 .
Procedures
Each infant was lying in the incubator undisturbed for a period of at least 30 minutes before recording. Heart rate data were collected by attaching the leads from the bedside monitor to a custom-designed computer data acquisition system. Two cameras (one positioned for close-up on the face, the other on the full body) were attached to a custom-made recording set-up on a moveable cart, including two 9-in video monitors. The signals were fed directly to 2 VCRs, and a time code was imprinted automatically. Each study phase was marked with an inaudible event cue signal recorded simultaneously on the videotape and physiologic acquisition systems. During recording, the incubator was partially covered with a blanket, and the infant's position was supported (nested) using a continuous roll around both sides and feet. At the time the infants were studied, 10 were supine, 27 were prone, and 7 were side lying with the face and full body in view for video coding. The infant's position was not altered before or during the procedure, because handling to alter the position may affect the infant pain response. 41 For the blood-collection procedure, the research nurse applied a foot-warming pack 5 minutes before the laboratory technician drew the blood. The research nurse determined which foot would be used for the blood collection according to which foot would be most easily accessed by the laboratory technician to minimize extreme stretching of the leg and foot 
pad with disinfectant, lancing the heel, and then gently squeezing the heel intermittently until the amount of blood that was required for clinical care was collected. A research technician set up the video camera and the VCR machines, operated the cardiac data acquisition computer, and marked each phase during the procedure.
Data Analysis
The frequencies of each NIDCAP behavior were reviewed, and the 31 movements that occurred in Ͻ25% of the infants were excluded from statistical analysis (Fig 1) . 27 Total frequencies of each NIDCAP movement were summed for each 6-minute phase to reveal in a clinically meaningful way the amount of infant movement exhibited throughout the procedure. Repeated measures analysis of variance was conducted across the 3 phases of blood collection, with gender examined as a between-subjects variable. Bonferroni corrections were used to correct for overall error. Statistically significant analysis of variance was followed by planned t tests for paired comparisons to identify differences between specific phases. Pearson product-moment correlations were used to examine associations between perinatal variables and to describe relationships between the NIDCAP and infant background characteristics during lance/squeeze.
RESULTS
Infant State
Most infants were in "sleep" (75%) or "drowsy" (25%) states during baseline, and then shifted significantly from baseline to lance/squeeze (t ϭ Ϫ7.40, P Ͻ .0001). Seven percent of infants remained in "deep sleep" during lance/squeeze, no infants were in "active sleep," 56% were "drowsy," and 36% were crying. Sleep/wake state also shifted significantly from lance/squeeze to recovery (t ϭ 6.43, P Ͻ .0001); 70% of infants returned to sleep, and only 2% remained highly aroused.
NFCS and NIDCAP
There were no statistically significant differences in gender with any of the behavioral measures. The frequency of NFCS brow bulge increased significantly across the 3 phases (F[1,43] ϭ 49.43; P Ͻ .0001). Of the 25 NIDCAP behaviors included in the statistical analyses, the frequency of a subset of 8 NIDCAP behaviors-flex arms, flex legs, extend arms, extend legs, hand on face, finger splay, fisting, and frown-increased significantly across the 3 phases. The frequency of a second subset of 5 NIDCAP behaviors-twitch face, twitch body, twitch extremities, mouthing, and foot clasping-decreased significantly across the 3 phases. In addition, the frequency of 2 NIDCAP behaviors-diffuse squirms (F[1,43] ϭ 5.22; P Ͻ .008) and arching (F[1,43] ϭ 4.22; P Ͻ .03)-decreased significantly from lance/ squeeze to recovery. Finally, during recovery, all but 1 of the NIDCAP behaviors returned to baseline frequencies; the frequency of fisting (t ϭ Ϫ2.5, P Ͻ 0. 02) remained increased. The total frequencies of the NIDCAP behaviors across the 3 phases of blood collection are shown in Table 4 .
Heart Rate
Heart rate increased significantly across the 3 phases (F[1,43] ϭ 40.67; P Ͻ .0001). Heart rate (mean Ϯ standard deviation) increased from baseline (157.5 Ϯ 12) to lance/squeeze (174.0 Ϯ 20; t ϭ Ϫ 6.74, P Ͻ .0001) and decreased during recovery (156.3 Ϯ 16; t ϭ 9.48, P Ͻ .0001). 
Infant Background Characteristics
GA at birth and postnatal age (days) at testing were highly correlated (r ϭ Ϫ0.91, P Ͻ .0001); GA at birth was used to examine the relationships between infant characteristics and the NIDCAP behaviors. Perinatal and study day characteristics of the earlier born and later born infants are shown in Table 3 .
During blood collection at 32 weeks, infants who were born at lower GAs (Ͻ30 weeks) showed significantly higher frequencies of finger splay, fisting, and mouthing during lance/squeeze than infants who were born at later GAs. Infants who had been exposed to greater numbers of invasive procedures since birth showed significantly more finger splays and fisting. Moreover, infants who had greater opioid exposure displayed significantly more fisting and hand on face. Finally, infants who were sicker earlier in the neonatal course (SNAP-II day 1) displayed more facial twitches. Finally, infants who continued to be physiologically unstable on day 3 (SNAP-II day 3) continued to show more facial twitches, greater numbers of hand on face, and fisting than infants who became medically more stable (Table 5) .
DISCUSSION
Although the NIDCAP has been used widely in NICUs throughout North America and Europe since the 1980s, this study is the first to examine whether the NIDCAP catalog behaviors can be used to identify acute pain in preterm infants under well-controlled conditions using a relatively large sample. The infants in this study showed facial, behavioral state, and heart rate responses similar to responses documented in other studies of responses of preterm infants to acute pain. 13, 42 Although we found that a significant proportion (37%) of the NIDCAP movements either did not occur or occurred in Ͻ25% of the infants, this finding is consistent with another study that recently reported that more than one third of the movements described by the NIDCAP were not observed in infants Ͻ30 weeks' GA in the NICU even when observed sequentially over a 7-week period. However, these investigators did not specify the procedures that they observed. 26 The most important finding of this study was that we found a subset of 8 NIDCAP movements that seem to be associated with acute pain in preterm infants. Although some of the 8 NIDCAP movements that we identified are included in other pain measures, others have not been described as behavioral pain cues before this study. For example, the increased frequency of flexing and extending the extremities has been reported in other studies that described and assessed pain responses in both termborn 23, 43 and preterm infants. 22, 28, 44 In particular, extending the legs seems to be a consistently observed distress cue. 27, 29 The combined flexing and extending of the legs observed in these infants may be reflexive in nature (ie, the flexor withdrawal response), 45, 46 but because the flexor withdrawal response is not pain specific, the use of these movements for pain assessment is unlikely to improve the identification of pain if facial activity, sleep/wake state, and change in heart rate are also used.
As in previous studies, we found that finger splay increased during the lance phase. Moreover, finger splay may be a developmentally specific distress cue, because the infants who were born before 30 weeks' GA had a higher frequency of finger splays to lance than those who were born Ն30 weeks. These earlier born infants show greater finger splays not only during lance/squeeze but also during the baseline phase. This suggests that these infants may be relatively more stressed. This finding is consistent with previous studies that examined procedural stress and pain responses in this population 27, 29 and may be indicative of "sensitization" that results from greater early pain exposure. 47, 48 Fisting has been described in 1 other study that examined preterm infants' responses to pain. 49 Furthermore, a recent study showed that fisting is considered by a majority of nurses to be a pain indicator. 50 Like finger splay, fisting seems to be a sensitive distress cue in infants who are born at earlier gestational ages (Ͻ30 weeks) and may be useful in identification of pain in infants who are sicker, who have been exposed to greater numbers of invasive procedures, and who require opioids during their care. This finding is important because preterm infants' behavioral pain expression is influenced by their previous experience in the NICU; that is, infants who are born at earlier gestational ages and who have experienced greater numbers of painful procedures may show diminished facial responses to acute pain. 14, 42 In addition to fisting and finger splaying, which have been previously associated with painful experiences in the NICU, the movement of hand on face (which involves a defensive-like action with the infant placing a hand on its face) may represent an additional pain cue in the preterm population. The only NIDCAP facial movement that increased significantly during lance/squeeze was frowning (brow lowering). Frowning is a flexor motion that involves knitting of the eyebrows or darkening of the eyes, a motion that is consistent with brow lowering shown in facial responses to pain. 13, 19 Whereas we found a subset of 8 NIDCAP behaviors associated with pain, we also found 5 behaviors that decreased significantly during the lance/ squeeze phase. As in our previous study of stress during endotracheal suctioning, twitches decreased and startles did not change significantly during a more invasive procedure. Although in some infant pain scales, jitteriness and startles have been included with other behavioral indicators of pain, 44, 51 we conclude that, in preterm infants, these are not specific pain cues. 27, 29 Indeed, many fetal ultrasound studies show that twitches and startles are behaviors associated with sleep states in the normal fetus. [52] [53] [54] Rather than indicators of pain, twitches are necessary movements for normal infant development that influence neuron cell death, synapse elimination, muscle fiber differentiation, and formation of topographic maps. 55 Although we concluded that twitches may not be specific pain cues, infants who were sicker on day 1 and who remained sicker on day 3 had more facial twitches associated with the lance/squeeze phase at 32 weeks' PCA, a finding that has not been reported in previous studies. We cannot attribute this finding to the infants' being in active sleep during the lance, because none of our infants remained in this sleep state during blood collection.
Another NIDCAP behavior that decreased to lance/squeeze was foot clasping. This finding was not unexpected, because infants who are rapidly flexing and extending their legs are less likely to clasp their feet together. Similarly, the frequency of mouthing (more than 1 opening and closing of the mouth) decreased during lance/squeeze. Indeed, fetal ultrasound studies have shown that mouthing is a regularly observed movement in utero (ie, under optimal, nonstressed conditions). 56, 57 Like finger splay, the frequency of 2 behaviorsdiffuse squirms and arching-occurred at high frequencies during baseline. However, they differed from finger splay in that they did not increase to lance/squeeze and furthermore dropped significantly during recovery. The high frequency of these movements during baseline may indicate a higher basal arousal in earlier born preterm infants; however, even infants who were born at Ն30 weeks and had little previous pain exposure showed these behaviors. It is possible that their diminished frequency during recovery was an indication of fatigue caused by the length of the procedure.
Before this study, most of the literature describing the responses of preterm infants to acute pain used very short periods of observation. Our findings demonstrated that many preterm infants remain in a higher state of physiologic and behavioral arousal not only during the tissue-damaging portion but also during the entire blood collection. It may be that this higher and sustained level of stress contributes to altered reactivity and self-regulation observed later in these children. 11, 58 Another important finding of this study is that we found increased body movements associated with acute pain in infants who were born at earlier gestational ages. This finding is contrary to the dampened facial activity that has been associated with infants of lower GAs 36 and those who experience greater numbers of painful procedures. 14, 42 Increased body movements during pain may be indicative of increased pain sensitivity as a result of sensitization, which is then followed by the "wind-up" phenomenon, both of which are spinal cord-mediated effects. 48 Although our study carefully controlled for age at assessment, length of assessment time, and procedure order, there remain some limitations. First, it was not possible to be blinded to events when coding body movements. However, with the use of a second video camera, facial coding was conducted blinded to events. Second, the infants' position during the lance was not controlled; more than half of the infants were positioned in prone during the assessment. It is standard practice in our nursery to promote prone positioning to support physiologic stability, particularly for infants with respiratory difficulties. 59 We deliberately did not alter the position of the infant for the study because change of position would likely alter biobehavioral reactions. Although prone position does not seem to affect the facial responses during blood work, 41 it may have altered the frequency of 1 NIDCAP body movement, sitting on air, an action whereby the legs are flexed at the hips and extended at the knees. This movement would be very unlikely to occur in prone.
CONCLUSION
The NIDCAP is a developmentally sensitive model of care that provides a detailed behavioral catalog of infant behaviors. We found a subset of 8 NIDCAP movements that were associated with acute pain in preterm infants at 32 weeks' PCA. By adding a few discrete body movements to the assessment of pain, particularly hand movements such as finger splay, fisting, and hand on face, we can use some elements of the NIDCAP assessment to provide additional behavioral cues that may make identifying pain in preterm infants more accurate, particularly for infants who are born at early GAs.
